Abstract: Quantitative analysis of periodontal bacteria is considered useful for clinical diagnosis, evaluation and assessment of the risk of periodontal disease. The purpose of this study was to compare the effectiveness of sampling of saliva, supragingival and subgingival plaque for evaluation of periodontal bacteria. From each of 12 subjects, i) subgingival plaque was collected from the deepest pocket using a sterile paper point, ii) stimulated whole saliva was collected after chewing gum, and iii) supragingival plaque was collected using a tooth brush. These samples were sent to the medical examination laboratory for quantitative analysis of the counts of three periodontal bacterial species: Porphyromonas gingivalis, Treponema denticola, and Tannerella forsythia. The proportions of these bacteria in subgingival plaque were higher than those in saliva or supragingival plaque, but lower in subgingival plaque than in saliva or supragingival plaque. In several cases, periodontal bacteria were below the levels of detection in subgingival plaque. We concluded that samples taken from subgingival plaque may be more useful for evaluating the proportion of periodontal bacteria in deep pockets than is the case for other samples. Therefore, for evaluation of periodontal bacteria, clinicians should consider the characteristics of the specimens obtained using different sampling methods.
Introduction
Periodontitis is a common chronic oral disease in which oral bacteria play an important role in initiation, progression and recidivation. Although the oral cavity provides an environment for approximately 700 bacterial species, only a small proportion, known as periodontal bacteria, cause inflammation of periodontal tissue and subsequent bone and periodontal tissue destruction (1) . Among the periodontal bacteria, three species-Porphyromonas gingivalis (P. gingivalis), Tannerella forsythia (T. forsythia), and Treponema denticola (T. denticola)-are categorized together based on their association with severe forms of periodontal disease (2) . Intensive in vitro studies of these periodontal bacteria have been conducted with regard to their pathogenicity and virulence (3, 4) .
There has been considerable research interest in the location, prevalence, and quantity of periodontal bacteria in the field of health and periodontal disease. Quantitative analysis of periodontal bacteria in clinical specimens, such as saliva, supragingival plaque and subgingival plaque, is important for diagnosis, evaluation, and risk assessment of patients with periodontal disease or who are prone to it. Using real-time PCR methods (5-7), clinicians can easily evaluate these periodontal bacteria and their association with clinical symptoms (8) (9) (10) (11) (12) .
For microbiological diagnosis of periodontal diseases, subgingival plaque is commonly used for detection and quantitation of bacterial species (13) (14) (15) (16) (17) (18) (19) (20) . Using even tiny samples, PCR has proven to be a valuable method for detection of periodontal bacteria in periodontal pockets (21) (22) (23) (24) (25) (26) . The reproducibility of this approach is high, and the accuracy of testing is reportedly sufficient (18, (27) (28) (29) . However, a larger number of sampling sites may create difficulties in a clinical or epidemiological context, and therefore selection of appropriate subgingival sampling sites becomes a critical consideration.
Periodontal bacteria in subgingival plaque are continuously washed into saliva from the gingival crevicular fluid (30) . Therefore, it seems reasonable to employ PCR detection methods for samples of whole saliva in order to screen for the presence of periodontal pathogens in the human oral cavity. P. gingivalis and T. denticola have been detected more frequently in whole saliva in comparison to pooled periodontal pocket samples (30) . Whole saliva may therefore be a convenient alternative to sampling of individual gingival pockets for determination of subgingival bacterial species (30) (31) (32) (33) (34) .
Recently, advances in pyrosequencing have made it possible to investigate the oral microbiome, which is closely associated with many diseases, and also resident pathogenic oral bacteria. For such pyrosequencing, large samples are necessary.
As described above, there are conflicting opinions about the advantages and disadvantages of various sample sources for analysis of gingival bacteria. The aim of the present study was to compare the characteristics and effectiveness of saliva, subgingival plaque and supragingival plaque as samples for evaluation of periodontal bacteria.
Materials and Methods

Subjects and clinical assessment
Twelve subjects (6 men and 6 women, mean age 44.5 ± 18.1 years) participated in this study. All were systemically healthy, possessed at least 20 teeth, and had not taken systemic antibiotics, anti-inflammatory drugs, or immunosuppressive drugs within 3 months prior to the investigation. Bleeding on probing (BOP) and probing pocket depth (PPD) were recorded at 6 sites per tooth (mesiobuccal, buccal, distobuccal, mesiolingual, lingual, and distolingual). Informed consent was obtained from each subject before the clinical examinations, and the protocol was approved by the institutional review board of Tsurumi University (#1229).
Sample collection
For collection of subgingival plaque, the deepest pocket was selected (5.58 ± 2.57 mm). After removal of the plaque from the selected site, a sample was taken by inserting two sterile #40 paper points (Zipperer Absorbent Paper Points, VDW GmbH, Munich, Germany) consecutively into the periodontal pocket for 10 s. Whole saliva was collected after each subject had chewed on a gum base containing neither fragrance nor flavored ingredients for 5 min. Supragingival plaque samples were collected by total tooth-brushing for 2 min, followed by immersion of the toothbrush with the attached plaque in sterilized phosphate-buffered saline. Each sample thus collected was centrifuged at 3,000 rpm for 5 min at 4ºC. All the samples were collected in the order described above and then immediately sent to a medical examination laboratory (BML Corporation, Tokyo, Japan) for bacterial analysis (7) (8) (9) 12) .
Quantification of periodontal bacteria from saliva, supragingival plaque and subgingival plaque Quantitative analysis of P. gingivalis, T. denticola, T. forsythia and total bacteria was performed using a modification of the Invader PLUS assay (5, 6) . Briefly, bacterial DNA was extracted using a commercial kit (MagNA Pure LC Total Nucleic Acid Isolation Kit, Roche, Basel, Switzerland). Primary probes and Invader oligos were used as described previously (7, 12) . Each tube contained 15 μL of reaction mixture containing 50 μM dNTP, 700 nM primary probe, 70 nM Invader oligo, 2.5 U polymerase chain reaction (PCR) enzyme (EagleTaq DNA polymerase, Roche), and the Invader core reagent kit (Cleavase XI Invader core reagent kit, HOLOGIC, Marlborough, MA, USA) containing a fluorescence resonance energy transfer (FRET) mix, an enzyme/MgCl 2 solution and template DNA. The reaction mixtures were preheated at 95°C for 20 min, followed by 35 cycles of 95°C for 1 s and 63°C for 1 min, using an ABI PRISM 7900 (Applied Biosystems, Foster City, CA, USA). The fluorescence of carboxyfluorescein (FAM) excitation at 485 nm and emission at 530 nm was measured at the end of the thermal cycles. Standard curves were then constructed based on a crossing point determined by the fit point method. The proportions of the three pathogens within the total bacterial count were estimated as described previously (10, 35) .
Statistical analysis
Descriptive analysis of the collected data was performed, and the results are presented as means ± SD. One-way analysis of variance was used to compare bacterial counts and the proportion of each bacterial species among total bacteria. For between-group analyses, Bonferroni correction for multiple tests was applied. Correlations between sampling materials were evaluated in terms of the R 2 and P values. The regression formula was constructed based on the least-squares method. The kappa test was used as a chance-corrected measure of agreement between sampling specimens, and P values were calculated by the McNemar test. These analyses were performed using IBM SPSS Statistics ver. 19.0 software (IBM Japan, Tokyo, Japan). For analysis of systemic errors, the BlandAltman method was employed (36) (37) (38) (39) (40) (41) (42) . Differences between two values were evaluated in terms of means and the 95% confidence interval (95% CI). Random errors were evaluated by the test of no correlation of the mean values against difference of the two values. This analysis was performed usinf S-Plus software Ver 6.0 (NTT DATA, Tokyo, Japan).
Results
The participating subjects had 27.25 ± 1.49 remaining teeth, an average pocket depth of 3.19 ± 0.97 mm, and a BOP of 51.17 ± 24.04%. The quantitative data for total bacteria and periodontal bacteria in each of the samples are shown in Fig. 1 . Statistically significant differences were observed between saliva and supragingival plaque samples, except for P. gingivalis. The mean total bacteria T. denticola /Total Bacteria (%) P = 0.11 Fig. 1 Comparison of periodontal bacterial levels in saliva, subgingival plaque and supragingival plaque expressed as log 10 counts. Bacterial levels in subgingival plaque were significantly lower than those in saliva and supragingival plaque. 
Fig. 3 Scatter plot of P. gingivalis (A), T. denticola (B), T. forsythia (C)
, and the corresponding Bland-Altman plot, which suggests extent of agreement by different measuring methods. 1, subgingival and supragingival plaque levels; 2, saliva and supragingival plaque levels; 3, subgingival plaque and sliva levels.
(log 10 ) count was 9.14 in saliva, 9.40 in supragingival plaque, and 6.24 in subgingival plaque, suggesting that the bacterial count detectable from subgingival plaque was less than that from saliva and supragingival plaque by more than a thousand fold. The mean count (log 10 ) of P. gingivalis was 5.20 in saliva, 5.19 in supragingival plaque, and 2.72 in subgingival plaque, the difference between subgingival plaque and other sources being more than one hundred-fold. Similar tendencies were also observed for T. denticola and T. forsythia. When comparing bacterial levels between samples, percentages rather than absolute counts of targeted microorganisms should be used in order to adjust for variations in sampling. As shown in Fig. 2 , when expressed as the proportion of periodontal bacteria among total bacteria, higher values were obtained from subgingival plaque samples for all three species of periodontal bacteria. Figure 3 shows scatter plots of P. gingivalis (A), T. denticola (B), and T. forsythia (C) counts in saliva, subgingival plaque and subgingival plaque and the corresponding Bland-Altman plot. For P. gingivalis and T. denticola, significant linear correlations were observed between the sampling sources. The Bland-Altman plot demonstrated linear relationships between the sample sources ( Table 1) . With regard to the mean differences in the proportions of periodontal bacteria among total bacteria between the sampling sources and their 95% confidence intervals (95% CI), the lower limits of the 95% CIs were all negative values and the upper limits were all positive. Therefore, no fixed errors were evident. However, the correlations between the means and the differences in the proportions of periodontal bacteria were all statistically significant. Random errors were observed between all of the sampling sources.
Cross-tabulation was performed to summarize the data for detection or non-detection of these periodontal bacterial species (Table 2) . In several cases, periodontal bacteria were below the detection limit in subgingival plaque. Among 6 cases for P. gingivalis (50.0%), 8 cases for T. denticola (66.7%) and 5 cases for T. forsythia (41.7%), T. denticola and T. forsythia were not detected among these pathogens in saliva and supragingival plaque samples in 2 cases and one case, respectively. <0.001 The table shows averages of the differences and proportions of differences, and their 95% confidence intervals (95% CI). For the averages and differences in the proportions of periodontal bacteria among total bacteria between any two sample sources, statistically significant correlations were observed, suggesting random errors between the sampling methods. 
Discussion
In this study, we compared the counts of periodontal bacteria and their proportions among total bacteria and examined the effectiveness of various sampling sources for their evaluation.
The periodontal bacteria investigated in this study are all obligate anaerobes. The proportions of these bacteria among total bacteria in subgingival plaque were higher than that in saliva or supragingival plaque. However, the counts of these bacteria in subgingival plaque were lower than those in saliva or supragingival plaque. For P. gingivalis and T. denticola, significant numerical correlations were found between sampling sources. However, in some cases, the plots were tightly packed around the origin, and in several cases periodontal pathogens were below the levels of detection in subgingival plaque. For these cases, the regression formula was not useful. Among the 12 cases, six (50%) for P. gingivalis, eight (67%) for T. forsythia and five (42%) for T. denticola were below the levels of detection. Therefore, even if periodontal bacteria exist in the oral cavity, sampling of subgingival plaque from any individual periodontal pocket may yield a false negative result. This needs to be borne in mind in a clinical situation.
Even though significant differences were observed in bacterial counts obtained from saliva and supragingival plaque, no such differences were observed in the proportions of these bacteria. Also the coefficients of correlation for both the proportions and counts of bacteria between saliva samples and supragingival plaque were higher. This indicated that similar bacterial flora were present in both saliva and supragingival plaque, and that these bacterial flora differed from those in subgingival plaque.
In this study, P. gingivalis was detected in all samples of saliva and supagingival plaque, whereas it was detected in only 50% of subgingival plaque samples. In previous studies, the rates of detction of P. gingivlais in subgingival plaque samples were 56% (43), 59% (44), 88% (45), 76.4% (46) , and 76% (47) . In the present study, subgingival plaque samples were obtained from only one site. If pooled samples had been applied, the detection rate might have been higher.
The kappa values for detection of T. denticola and T. forthsia from saliva and supagingival plaque samples were 1.0, and that of detection from saliva and subgingival plaque was 0.18, which indicated a very low match. A previous study yielded kappa values of 0.40 and 0.59 for detection of T. forthysia and T. denticola from saliva and subgingival plaque (48) . This study also used pooled subgingival plaque samples from the deepest pocket in each quadrant.
There are conflicting opinions about the advantages and disadvantages of various sampling sources for evaluation of periodontal bacteria. For supragingival plaque, it is possible to collect dental plaque from all of the tooth surfaces, and simultaneous collection of supragingival plaque and a proportion of subgingival plaque is feasible. In addition, large samples can be obtained. Supragingival plaque is suitable for analyses requiring large samples, such as pyrosequencing for microbiome analysis. However, the bacterial count is dependent on the amount of sample collected. In a clinical situation, measuring the weight of dental plaque is almost impossible. Therefore, to evaluate or to compare the levels of bacteria, data expressed in terms of proportion may be more suitable than simple bacterial counts.
In contrast, saliva samples depend on salivary flow rate. Data expressed in terms of bacterial count and proportion may be useful for comparative purposes. In addition, collection of samples is simpler than for supragingival plaque. Therefore, saliva may be a more suitable sampling source for check-ups or mass screening.
Although subgingival plaque is useful for evaluation of bacteria in deep areas, the amounts of bacteria obtained are extremely small, possibly leading to false-negative results. In addition, samples collected from limited areas may not reflect the overall oral bacterial flora.
